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ern	 Pacific	 coast,	 from	 San	 Diego,	 CA.,	 USA	 to	 Peru	 (Thomson	
et al.,	1987)	and	 it	has	a	wide	environmental	 tolerance	because	
it	 inhabits	sandy-shore-estuarine,	brackish	coastal	 lagoons	and	
full	 strength	 salinity	 coastal	 waters.	 It	 is	 primarily	 carnivorous,	
feeding	on	crustaceans	(shrimp/crabs),	gastropods,	bivalves,	and	
squid	(Targett,	1975;	Thomson	et al.,	1987;	Horinouchi	et al.,	1996).	
Protocols	for	 its	reproduction	 in	captivity,	egg	incubation,	 larval	
rearing,	 juvenile	 culture	 and	 disease	 control	 of	 bullseye	 puffer	
fish are	 already	 available	 (Martínez-Palacios	 et al.,	 2002;	 Dun-
can	et al.,	2003;	Fajer-Ávila	et al.	2003;	García-Ortega	et al.,	2003;	
Abdo-de	 la	Parra	et al.,	2010;	Rodríguez-Ibarra	et al., 2010).	The	
protein	 and	 lipids	 requirements	 of	 this	 species	 varied	 between	
450-550	g	Kg−1	and	60-120	g	Kg−1,	respectively	using	semi-purified	
diets	 (casein	 and	 fishmeal),	 (Abdo-de	 la	 Parra	 et al.,	 2006).	 Kim	
and	 Lee	 (2009)	 reported	 that	 the	 dietary	 protein	 requirement	 of	








































FM1 TG2 SBMemMmM SBM
Protein 66.4 63.3 49.7 48.6
Lipid 7.7 15.9 0.4 0.2
Ash 15.7 5.2 6.4 6.4
Amino	Acids	(g	AA	per	100	g	of	protein)
Arg 6.42 4.81 3.44 3.59
His 3.56 2.15 1.17 1.19
Ile 5.42 2.40 2.72 2.52
Leu 6.66 5.44 3.71 3.68
Lys 6.83 5.39 2.90 3.06
Met 2.44 2.71 0.63 0.65
Phe 3.96 2.28 3.0 2.99
Ala 6.61 5.95 2.13 2.25
Asp 8.57 6.73 5.36 5.36
Glu 13.57 9.49 8.70 8.70
Gly 7.59 1.37 1.92 1.98
Ser 3.27 5.31 2.80 2.82
Thr 4.23 2.68 1.81 1.88
Tyr 3.67 1.37 1.63 1.71













meal	 and	 shrimp	 by-product	 meal	 (García-Ortega	 et al.,	 2002),	
the	 second	 diet	 (SBMe)	 fishmeal	 and	 extruded	 soybean	 meal,	






















ing	 to	 the	 feeding	 regime	 for	 this	 species	 (Abdo-de	 la	 Parra	 et 
al.,	 2010).	 The	 fingerlings	 were	 weaned	 gradually	 as	 described	













the	 head	 tanks,	 the	 seawater	 was	 pumped	 through	 a	 double	
parallel	 filtration	system	consisting	of	a	pressured	Jacuzzi	sand	




Feed	 was	 manually	 supplied	 three	 times	 a	 day	 (0800,	 1200	
and	1600)	until	the	fish	were	satiated.	Uneaten	food	was	collected	
from	the	bottom	of	the	tank	using	a	siphon	30	min	after	the	onset	
of	 feeding	 and	 dried	 in	 an	 oven	 at	 60	 °C.	 Feed	 intake	 was	 cal-
culated	as	the	amount	of	feed	supplied	minus	the	amount	of	un-
consumed	feed.	Dead	fish	were	recorded	and	weighed.	The	daily	
environmental	 parameters	 were	 measured	 using	 a	 YSI	 85-10FT.	
The	dissolved	oxygen	level	was	maintained	at	6.0	±	0.51	mg	L−1.	
The	 water	 temperature	 was	 kept	 at	 23.7	 ±	 1°C,	 and	 the	 salinity	
was	maintained	at	34.5	±	0.6	g	L−1.
The	 fish	were	weighed	every	 two	weeks	 to	calculate	 their	






in	 terms	 of	 weight	 gain	 (WG),	 feed	 intake	 (FI),	 feed	 conversion	











the	 initial	 population	 to	 determine	 the	 starting	 carcass	 compo-
sition.	 To	 analyze	 the	 final	 composition,	 two	 fish	 were	 selected	
at	 random	from	each	tank	 for	a	 total	sample	size	of	six	 fish	per	
treatment	 group.	 The	 fish	 samples,	 ingredients	 and	 diets	 were	
homogenized	and	dried	at	105	°C	for	24	hours	prior	 to	chemical	
analysis.	The	determination	of	the	moisture,	protein,	fat	and	ash	
levels	 in	 the	 ingredients,	 diets	 and	 carcasses	 was	 conducted	
according	 standard	 methods	 (AOAC,	 1984).	 Crude	 protein	 was	
determined	 as	 N	 ×	 6.25	 by	 a	 Kjeldhal	 analysis	 with	 a	 Kjeltec	







to	 prevent	 oxidation.	 The	 samples	 of	 the	 ingredients	 and	 diets	
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acid	 standards	 were	 used	 and	α-aminobutyric	 acid	 was	 added	











The	 fish	 were	 distributed	 at	 stocking	 density	 of	 15	 fish	 (initial	
mean	body	79	±	3.1	g)	per	tank	among	fiftteen	indoor	80-L	cylindro	
conical	fecal	collection	tanks	fitted	with	faeces	settling	columns.	





















ADC	 nutrient	 (%)	 =	 100-(%	 Cr2O3	 in	 feed/%	 Cr2O3	 in	 feces)	
(%	nutrient	in	feces/%nutrient	in	feed	)	×	100














Juvenile	puffer	 fish	 responded	well	 to	all	 the	experimental	
diets.	Survival	was	high	(88.3-98.3%)	in	all	treatments	and	did	not	
differ	(p	>	0.05)	amongst	treatments	(Table	4).
The	best	 results	 for	weight	gain	 (WG),	 feed	 intake	 (FI)	and	
specific	growth	rate	(SGR)	was	the	diet	(TG-SBM)	with	inclusion	
level	of	SBM	and	tuna	gonad,	but	this	result	was	not	significantly	
different	 from	 that	 obtained	 with	 the	 diet	 CRL	 diet,	 neither	 with	
SBM	and	SBMe	diets	(Table	4).	Fish	fed	the	CRL,	SBM	and	SBMe	
diets	showed	a	significantly	higher	growth	perfomance	and	feed	
utilization	 than	 fish	 fed	 the	 commercial	 feed	 (REF).	 The	 highest	

































Ingredients	(g	Kg−1	wet.wt.) TG SBMe TG-SBM SBM
FM	sardine 332 424 318 424
TG 157 — 158 —
SBMe — 252 — —
SBM — — 197 246
Squid 161 — — —
Fish	oil	sardine 1.2 14 12.8 28.2
Crab	byproduct	meal 20 20 20 20
Shrimp	byproduct	meal 150 188 188 188
Squid	liver	meal 20 20 20 20
Dextrine 91.8 15 19.2 6.8
Soy	lecithin 10 10 10 10
Vitamin	premix 15 15 15 15
Mineral	premix 15 15 15 15
Vitamin	C	L-ascorbyl-2-polyphosphate	25%	Active 2 2 2 2
Carboximetilcelulosa 20 20 20 20
Chromic	oxide 5 5 5 5
Chemical composition (% DM)
Crude	protein 51.9 50.7 51.7 51.3
Crude	lipid 8.9 9.5 9.7 9.3
Ash 10.8 12.4 12.2 12.8
NFE* 28.4 27.2 26.4 26.6






Muscle1 CRL SBMe TG-SBM SBM
Alanine 2.93 3.67 3.97 4.52 3.97
Arginine* 1.72 3.32 4.38 4.57 4.38
Aspartic	acid 4.79 4.51 6.41 6.62 6.40
Glutamic	acid 6.89 6.86 10.26 10.28 10.25
Glycine 2.76 2.86 3.79 3.21 3.79
Histidine* 0.95 1.71 2.60 2.54 2.59
Isoleucine* 1.96 2.10 3.21 3.07 3.21
Leucine* 3.56 3.56 4.59 4.88 4.58
Lysine* 3.77 3.60 4.40 4.72 4.39
Methionine* 1.52 1.48 1.35 1.70 1.34
Phenylalanine* 1.46 1.88 3.23 3.06 3.22
Serine 2.21 2.40 2.85 2.73 2.84
Threonine* 1.99 2.07 2.68 2.31 2.67
Tyrosine 2.00 1.56 2.28 1.88 2.28























amino	 acid	 composition	 of	 TG-SBM,	 compared	 to	 other	 experi-
mental	dietary	treatments,	is	an	effective	ingredient	to	adjust	the	




with	 SBM-based	 diets	 supplemented	 with	 increasing	 levels	 of	
blue	 mussels	 extracts	 did	 not	 reveal	 any	 differences	 in	 growth	
between	control	and	experimental	diets,	with	diets	containing	up	
to	20%	of	the	deffated	SBM.	It	was	stated	by	the	author	that	the	




















Parameter CRL SBMe TG-SBM SBM REF
Final	weight	(g) 78.7	±	7.6ab 80.2	±	1.5ab 82.6	±	2.5a 75.1	±	2.7b 57.7	±	3.1c
SGR	(%	d−1) 0.94	±	0.1a 0.97	±	0.03a 0.98	±	0.04a 0.88	±	0.05a 0.50	±	0.08b
FI	(g	fish−1) 83.6	±	5.9a 87.8	±	1.9a 81.5	±	2.7a 78.8	±	5.8a 45.9	±	4.8b
FCR 2.2	±	0.4a 2.2	±	0.1a 1.9	±	0.1a 2.3	±	0.1a 2.7	±	.6b
PER 0.92	±	0.3 0.89	±	0.06 1.0	±	0.06 0.86	±	0.1 0.77	±	0.19
ADC	protein	(%) 86.6	±	0.4a 87.5	±	0.2a 87.9	±	0.4a 85.4	±	0.01b 85.3	±	0.2b
ADC	lipid	(%) 96.4	±	0.6a 84.8	±	0.8b 96.2	±	0.2a 80.1	±	0.1c 84.1	±	0.1b




CRL SBMe TG-SBM SBM REF
Moisture	(%) 77.6	±	0.3 72.7	±	0.3b 74.7	±	0.9a 72.1	±	0.1b 71.74	±	0.7b 73.4	±	0.3b
Protein	(%) 14.0	±	0.3 17.6	±	0.6a 16.3	±	0.3b 18.2	±	0.3a 17.7	±	0.5a 16.	±	0.7b
Lipid	(%) 6.6	±	0.1 7.4	±	0.1b 7.0	±	0.1b 7.6	±	0.4b 8.6	±	0.1a 8.8	±	0.1a












Robaina	 et al.	 (1995),	 who	 published	 similar	 protein	 digestibility	
(>80%)	 for	 gilthead	 seabream	 Sparus aurata	 fed	 with	 soybean-
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